Supplementary Information Text
Section S1: Meta-analysis of previously published data on total mortality in 10-day exposures of honey bees to dietary imidacloprid Dietary imidacloprid at environmentally realistic levels does not appear to be able to cause mortality in honey bees. Neonicotinoid residues in the nectar and pollen of beeattractive crops are typically less than 6 ppb (parts per billion), but the consensus doseresponse relationship from four previous laboratory studies ( Fig. S1 .1) indicates that lethality is infrequent in this range (c. <5% mortality) even after a 10-day dietary exposure and only dietary concentrations of in excess of one hundred times the environmentally realistic level cause mortality (dietary concentration for 50% mortality, LC50 = 1750 g L -1 , or c. 1350 ppb). Decourtye et al. (2003) : winter bees = , summer bees = ;  Moncharmont et al. (2003) . Data are adjusted for control mortality by Abbott's correction.
We can use the consensus dose-mortality relationship ( Fig. S1 .1) to check our experimentally estimated per capita daily mortality rates as follows. Pesticide-dependent mortality across an exposure of d successive days (M%) is given by: Toxicants that are not bioaccumulative (i.e. whose internal concentration rapidly achieves steady state) will conform to Eq. S2.1 when the exponent takes the value b =1, and perfectly bioaccumulative toxicants will have b =2.
Hence, a suitable test for time-reinforced toxicity involves fitting Eq. S2.1 to a time-toeffect dataset and determining the value of the Haber's exponent, b. The basis and operation of this test is described below.
S2.1 Single compartment pharmacokinetics
Assume that the pharmacokinetics of the toxicant in an animal's body are governed by a simple compartment model ( Fig. S2.1) . The animal ingests the toxicant at a dose rate of d ng d -1 and assume that the animal's detoxification enzyme system has surplus capacity, which means that the rate of the detoxification is proportional to the internal concentration of the toxicant, . Hence, the toxicant is detoxified metabolically (or otherwise eliminated from the animal's body) with first order dynamics at a rate of e ng d -1 . Let R denote the concentration of target receptors bound by the toxicant and assume that the formation of the toxicant-receptor complex is governed by coefficients of association and dissociation, denoted TA and TD respectively so that the rate at which the toxicant binds to receptors is R/TA., etc. Assume that the animal incurs irreversible injury at a daily rate Ri. The total injury incurred by the organism is denoted by circular box I (the circle is used to distinguish a box that accumulates an effect from one that accumulates a mass) and the oblique arrow into the circular box indicates transfer of influence, not mass.
S2.2 Haber's exponent in a non-bioaccumulative toxicant
When a toxicant binds reversibly to its target site and is susceptible to catabolic breakdown and elimination, then during a sustained dietary exposure the continuous and opposing actions of ingestion and elimination will establish a 'steady state' concentration inside the organism and so the internal concentration, , is constant. Since R is proportional to , R is also constant over time and injury accrues at a constant rate. Hence, I  t and kI =  t, where t denotes the duration of the exposure. If the daily rate of injury resulting from this steady state is constant, the simple pharmacokinetic compartment model of toxic load predicts that the accumulated total injury, I, is
proportional to the duration of the exposure (Fig. S2 .2).
The total injury across the exposure, or toxic load, is proportional to the area under the curve (AUC) of the plot of  over time, which can be visualized as a rectangular geometry with area  × t ( Fig. S2 .3).
Figure S2.3. Toxic load in a non-bioaccumulative toxicant and Haber's Rule for a hypothetical example of two groups of animals that feed separately for four days on diets whose toxicant concentrations differ by a factor of α = 2.
Consider two groups of animals that feed separately on diets whose toxicant concentrations differ by a factor of α (i.e. C1= C2 / α); in this hypothetical example ( Fig.   S2 .3), α = 2. Assume that the feeding rates on the diets are equal and so the equilibrium internal concentration of toxicant will be proportional to the dietary concentration:
If the animals on the more toxic diet have an internal concentration of toxicant of 1, those that feed on the less toxic have 2 = 1/α. Assume that animals feeding on the more toxic diet reach a given level of injury (toxic load) in t1 days and those in the less toxic diet reach the same level in t2 days (in this hypothetical example, t1 = 2 days). Since the AUCs have rectangular geometry, then for both groups to experience the same injury, those on the less toxic diet must be exposed for t2 = αt1 days (i.e. t2 = 4 days). Formally, we can write:
The proportionality relationships of Eq. S2.3 imply:
Simplification of Eq. S2.4 and generalisation for all conforming C and t combinations yields Ct = k. Hence, subjects exposed to perfectly non-bioaccumulative toxicants in appropriate 'time-to-effect' experiments will exhibit outcomes that conform to a constant-product rule of C b t = k where b =1. Taking logarithms of both sides of Ct = k and rearranging yields:
Therefore, a non-bioaccumulative toxicant delivered in a time-to-effect experiment will produce a C-vs.-t relationship with a slope of -1 on log-log axes. Hence, in the constantproduct relationship, = , the exponent takes the value b=1, which reflects a simple proportionality relationship.
This proportionality under steady-state conditions means that toxicological experiments on such a system will find that halving the dose doubles the duration of the exposure that is required to achieve a given level of injury or effect.
S2.3 Haber's exponent in a bioaccumulative toxicant
When the toxicant is not susceptible to catabolic breakdown and elimination, then during a sustained dietary exposure continuous ingestion will cause an accumulation of toxicant inside the organism and  increases over time. Since R is proportional to , R also increases over time and injury accrues at an increasing rate as exposure progresses.
Specifically, the organism's internal concentration at the target site rises during the exposure as the toxicant bioaccumulates, the rate of injury increases with time and so the accumulated total injury is not proportional to exposure time, but instead increases quasiexponentially as a power function ( Fig. S2.4) , which is 'time reinforcement'. Given constant ingestion of a bioaccumulative toxicant, let the internal concentration at time t be given by:
Here, the daily rate of ingestion of the toxicant, d ng d -1 , is obtained as the product of the dietary concentration, C ng g -1 , and the daily feeding rate,  g diet d -1 . The total injury across the exposure, or toxic load, is proportional to the area under the curve (AUC) of the plot of  over time ( Fig. S2 .5), which can be visualized as a triangular geometry with area 0.5t ×  (i.e. half base × height). As before, consider two groups of animals that feed separately on diets whose toxicant concentrations differ by a factor of α. If the feeding rates () on the diets are equal, the animals on the more toxic diet have an internal concentration of toxicant = C1t1 and those on the less toxic diet have C2 = (C1/α) t2. Since the AUCs have triangular geometry, then for both groups to experience the same injury we require: 0.5 1 × 1 1 = 0.5 2 × 1 2 Eq. S2.7
Simplification yields: 1 2 = 2 2 Eq. S2.8
Multiplying both side by C1 yields:
Eq. S2.9
Recall that the internal concentrations differ by a factor of α, so that we can write:
Eq. S2.10
Generalisation for all conforming C and t combinations yields Ct 2 = k. Hence, subjects exposed to perfectly bioaccumulative toxicants in appropriate 'time-to-effect' experiments will exhibit outcomes that conform to a constant-product rule of
Taking logarithms of both sides of Ct 2 = k and rearranging yields:
Therefore, a bioaccumulative toxicant delivered in a time-to-effect experiment will produce a C-vs.-t relationship with a slope of -2 on log-log axes.
Hence, in the constant-product relationship, = , for a bioaccumulative toxicant the exponent takes the value b =2, which reflects time reinforcement.
S2.4 Graphical evaluation of the Haber exponent
It is straightforward to test for time-reinforced toxicity (TRT) by evaluating b using data from 
S2.5 Choice of x-y orientation and a comment on error structure
With the same data, it is possible to evaluate either = or = (Miller, Schlosser & Janszen 2000) . We have chosen to evaluate the exponent on t because it emphasises 'time reinforcement'. However, it is straightforward to show that a = 1/b, so our results are readily compared with studies that evaluate exponent a.
Dose-dependence is assumed a priori, so there is no requirement to test the C-vs.-t relationship for significance by regression. Consequently, whether C or t are the x-axis is statistically immaterial because there are no concerns about requiring the error structure to approximate a parametric statistical distribution. For the specific practical purpose of evaluating the Haber exponent, least-squares curve fitting in either orientation will produce a  1/b, as required.
S2.6 Index of time-to-effect (days of exposure survived): median vs. mean
The median time-to-lethality (or days of exposure survived), LT50, is used conventionally as the proxy for t in log(C)-vs.-log(t) analysis. However, it is a statistical fact that estimators of central tendency based on medians are less precise than those based on means (Wonnacott & Wonnacott 1972) . Monte Carlo computer simulation of our experiment unit (a cage of 10 honey bees) demonstrates that LT50 becomes increasingly imprecise as an estimator as longevity increases ( Fig. S2 .6) because when individual fatalities occur stochastically over an increasingly widely-spaced interval, the time of the fifth bee's death in a cage of 10 individuals becomes highly variable. In our experiments, therefore, sampling variation in LT50 was particularly influential during long-lasting exposures (e.g. low doses of imidacloprid and cypermethrin). We therefore used the mean longevity (days of exposure survived) instead of the median in our analyses, which was possible because we observed each cage until all individuals died. In experiments with real animals, however, this model of toxicity (Eq. S2.1) will not fit data that are constrained by the organism's lifespan, which causes death by senescence at the lowest, sub-toxic doses. In reality, therefore, the observed C-vs.-t relationship can be hockey stick-shaped ( Fig. S2.7a ). 
-log(t) relationship (solid line) is constrained at low doses by the organism's maximum longevity, D, which creates a 'hockey stick' shape; the dashed diagonal line indicates the theoretical (and unattainable) longevity predicted by
= .
Panel (b): the observed mean longevity of undosed bees, ̅ , and its observed sampling variation (SD) is used to establish a 95% confidence interval (vertical dashed lines) on dose-independent longevity in individual cages.
For example, Sánchez-Bayo (2009) states:
'Indeed, at a concentration of zero the time required to cause [an] effect on a group of organisms is theoretically infinite. … It is also evident that the life span of the organism determines the upper limit of the curve.' (Italics ours)
It is essential that the test for TRT is performed only on mortality data that describes toxic effects because mortality due to senescence also follows a pattern of 'time reinforcement' (i.e. the effects of old age intensify with time), which could confound the inference of TRT. Consequently, it is very important to carefully exclude mortality due to senescence, which otherwise biases the analysis to mistakenly detect time-reinforced toxicity, TRT. We therefore developed an objective protocol to circumscribe the appropriate subset of data. Importantly, the protocol itself did not require us to inspect the dose-vs.-longevity relationship for the appearance of TRT. Instead, we used the confidence interval on the longevity of the control (undosed) bees to objectively identify the upper limit of the curve referred to by Sánchez-Bayo et al. (Fig. S2.7b ). bees whose value fell below the confidence interval for undosed bees, which indicated that the reduced longevity could be attributed to toxicity. Log(C)-vs-log(t) relationships between dietary concentration (y-axis: C, µg L -1 ) and time-to-effect (x-axis: t, mean time until death of honey bees in an experimental cage) were fitted to the solid symbols (Main manuscript: Fig. 4 ). Blue-filled symbols indicate the mean longevity of undosed controls, which were used to estimate the confidence interval on the longevity in undosed cages (the y-axis position of these symbols can be disregarded.) Specifically (Fig. S2.7b ), we used the mean longevity of undosed bees, ̅ , and its observed sampling variation (SD) to establish a 95% confidence interval (vertical dashed 14 lines) on dose-independent longevity in individual cages (hence SE is not used).
Observations of shorter longevity (i.e. below the lower CI on ̅ ) in individual cages of dosed bees are reasonably considered dose-dependent. Therefore, we used this confidence limit to exclude data comprising the hockey-stick non-linearity and to thereby delineate the appropriate dose-dependent range in which to fit the straight-line log(C)-vs.log(t) relationship ( Fig. S2.8 ).
Section S3: The demographic simulation of a honey bee colony and its parameterisation for environmentally relevant exposures
To evaluate the impact of dietary pesticides on honey bee colonies, we simulated the population dynamics of a control (unexposed) colony using a published demographic model (Khoury, Myerscough & Barron 2011) and then perturbed the mortality rate according to the effects that we had quantified experimentally.
Methods

S3.1 Demographic simulation of the impact of mortality on a honey bee colony exposed to dietary pesticides
To explore the case where all adult bees experience an elevated rate of mortality by feeding on either nectar or stored honey that contains a dietary pesticide, we therefore Following Khoury et al. (2011) , the rate of increase of the number of hive bees is determined by the number of brood and the rate of eclosion, given as ( + ) where L is the queen's laying rate, N is the total number of adult bees in the hive and w determines the rate at which the rate of eclosion approaches L as N increases. The rate at which hive bees are recruited as foragers is given by [ − ( )], where is the maximum rate of recruitment, is the rate of reversion of foragers back to hive bees, H is the number of hive bees and F is the number of foragers present in the colony.
The model of Khoury et al. was modified ( Fig. S3 .1) so that foragers die at a rate, MB+P = Mtotal, that compounds the baseline rate, MB = Mbase, and the rate due to pesticide exposure, Mpesticide (see Eq. S3.1). Hive bees die only when exposed to pesticides, at a rate of MP = Mpesticide. Values of Mpesticide for each pesticide were determined from experimental toxicity data (see S3.2).
S3.2 Estimation of per capita daily mortality rates at environmentally relevant doses
To estimate the per capita daily mortality rate of bees feeding on each diet, we used the mean proportion dying daily, which was calculated across the time span for which the total number of bees alive was three or more individuals. Specifically, for each dose j we calculated ̅ = =1 ( / ), where mi denotes the number of bees dying on the i th day of the exposure, Ni denotes the number of bees alive at the beginning of day i, and =1 indicates that the expected value is calculated across the interval from the first day of the exposure, i = 1, until the last day on which three of bees are alive, denoted n.
Given our experimental design, the value of ̅ j therefore estimates the population-wide average mortality rate in a group of bees of mixed age and mixed duration of exposure, which is appropriate given the intermittent emergence times of newly-hatched adult bees.
When individual bees experience TRT, this will elevate the values of mi at the higher values of i, which will raise the value of ̅ j relative to that of the undosed control bees, as required.
We fitted ̅ j-vs.-dose regressions in order to estimate Mbase and Mtotal. Specifically, the fitted intercept estimates the daily mortality rate at zero dose, which is the background or 'baseline' mortality, denoted Mbase. The value of the total daily mortality rate Mtotal is found by solving the ̅ j-vs.-dose regression at the environmentally relevant dose, j = d ( Fig. S3 .2).
Fig. S3.2. The relationship between dose (x-axis) and per capita daily mortality rate (y-axis).
The solid diagonal line indicates a hypothetical mortality-vs-dose relationship. The grey area indicates the proportion of bees (1 -Mbase) that survive background mortality due to natural causes.
Using Mbase and Mtotal obtained from the above regressions, we then estimated the daily mortality rate due to each dietary pesticide at the environmentally realistic concentration, denoted Mpesticide, by adopting a probability-based framework as follows.
We first assume that pesticide-induced mortality applies to individual bees that survive the baseline mortality rate. I.e. mortality acts sequentially similarly to Abbott's correction:
Eq. S3.1
By rearrangement of Eq. S3.1 we obtain:
We then solve Eq. S3.2 for Mpesticide after using the fitted dose-response (Mtotal vs. dose)
relationships obtained previously to estimate Mtotal at an environmentally realistic dietary concentration of residues in nectar. The basis for this is shown in Fig. S3.1 In our demographic model we apply mortality sequentially (similarly to Abbott's correction), so that the dose-dependent proportion of bees dying above baseline mortality, , is obtained by multiplying the death rate due to pesticides, MP, by the probability of surviving baseline mortality, which is given by (1 -MB) and indicated by the grey area in Fig. S3 .2. So we obtain MP by solving:
(1 -MB) MP =  ; and so MP =  /(1 -MB).
S3.3 Results
Figure S3.3. Dose-dependent variation in mean daily mortality rate of honey bee workers, ̅.
For each pesticide (Fip = fipronil -2013 and 2015 experiments, Imi = imidacloprid, Tmx = thiamethoxam, Cyp = cypermethrin), the panels each show the mean daily mortality rate of honeybee workers (y-axis: mean daily mortality rate) exposed to various dietary concentrations of the pesticide (x-axis; toxicant concentration in dietary syrup in µg L -1 .) Each solid line indicates the fitted regression used to estimate the mortality rate at an environmentally relevant exposure.
(Fip: 2013, r 2 > 0.99, 2015, r 2 = 0.92; Imi: r 2 = 0.65; Tmx: r 2 > 0.99; Cyp: r 2 = 0.28). Open symbols indicate data points not included in the regression analysis.
We fitted a least-squares linear relationship between the dietary concentration of pesticide (dose) and the daily mortality rate only in the linear region that spanned the environmentally realistic concentrations, for which we required a value of ̅ . Some data points at the highest doses did not belong to this relationship (e.g. the daily rate of mortality saturated) and were excluded. To obtain a good fit, we fitted a power relationship to the fipronil (2015) exposure.
Using these values, we fitted a least-squares relationship between the dietary concentration of pesticide (dose) and the daily per capita mortality rate, denoted Mtotal because this comprises both deaths due to the toxicant and also the background pesticideindependent death rate: days) for a control colony (filled circles) vs. a colony exposed to either dietary imidacloprid (square symbols) or fipronil (dashed line). Panel (b): Cumulative mortality over one week for a control colony (filled circles) vs. a colony exposed to either dietary thiamethoxam (square symbols) or fipronil (dashed line). Note that these graphs depict total mortality and not mortality at the hive entrance (c.f. Fig. 2 of the main paper) because the purpose of (a) and (b) is to show the similarity between levels of overall mortality in control colonies and colonies exposed to for a colony exposed to thiamethoxam (square symbols) or an unexposed control (round symbols). Exposure to cypermethrin had only a negligible impact and results are not shown.
Section S6: signatures of TRT in thiamethoxam and cypermethrin
Thiamethoxam exhibited neither of the signatures of TRT (C-vs.-t relationship, regression analysis, b = 0.7 ± 0.13, Fig. S6.1a ; ingestion-vs.-longevity relationship: correlation analysis, Spearman's rho = 0.04, P >0.05; Fig. S6.1c ).
Cypermethrin exhibited neither of the signatures of TRT (C-vs.-t relationship, regression analysis, b = 0.4 ± 0.13; Fig. S6.1b ; ingestion-vs.-longevity relationship: correlation analysis, Spearman's rho = 0.62, P = <0.001; Fig. S6.1d ). Fig. S6.1. TRT indicators for thiamethoxam and cypermethrin . Panels a and b: evaluation for time-reinforced toxicity by C-vs-t relationships. Each filled symbol indicates the mean longevity (days of exposure survived) in a cage of dosed bees whose value fell below the confidence interval for undosed bees, which indicated that the reduced longevity could be attributed to toxicity. Log(C)-vs-log(t) relationships between dietary concentration (y-axis: C, µg L -1 ) and time-to-effect (x-axis: t, mean time until death of honey bees in an experimental cage) were fitted to the solid symbols. Panels c and d: evaluation by ingestion-vs-longevity relationships. Each 24 filled symbol represents a single cage of honey bees based on: the total mass of toxicant consumed by the bees before their deaths (y-axis: mass ingested, ng) and the mean longevity of the exposed bees (x-axis: mean days of exposure survived). Neither produces a significant negative trend (Spearman correlation analysis, P >0.05). These data originate from cages of dosed bees whose observed longevity is below the lower confidence interval for longevity in undosed bees. Abbink determined the '50% inhibition concentration' (IC50) of each NRL by conducting incubations of homogenised nervous tissue, the RL and various concentrations of NRL.
The results are shown in Fig. S7.1.   Fig. S7.1. Concentration-dependent binding affinity of nicotine (red symbols) 
Section S8. Evaluation of a previous claim that imidacloprid causes TRT in honey bees
S8.1 Overview:-Here, we re-examine three log(C)-vs.-log(t) relationships presented by Rondeau et al. (2014) , which were said by the authors to show that imidacloprid causes time-reinforced toxicity in honey bees.
Rondeau et al. analysed three datasets that comprised timescales of mortality in adult honey bees that were subjected to 10-day exposures of various dietary concentrations of imidacloprid.
We reject two of the datasets as unsuitable and we re-analyse the third dataset and find no evidence that imidacloprid caused symptoms of time-reinforced toxicity (TRT).
Specifically, our main conclusion is depicted in Fig. S8.1.   Fig. S8.1. Log(C)-vs.-log(t) We describe the reasoning for our conclusion below. We reject two of the datasets (blue, red symbols) as unsuitable with the following reasoning.
S8.2 Suchail et al. (2001) is an anomaly
We do not consider further the relationship based on data published by Suchail et al.
(2001) (blue symbols), because the dose-dependence is anomalous. Specifically, no other published study has reported that dietary imidacloprid at such low doses causes such a high level of mortality ( Fig. S8.3) . 
S8.3 Artefacts in Haber exponents can arise by pooling datasets
Also, we do not consider further the relationship based on data derived from a compilation of separate studies (red symbols) for two reasons. First, combining data points across studies without overlapping dose-response relationships (that thereby demonstrate consistency in responses to doses) makes the procedure of pooling different doses from separate studies intrinsically insecure. The observed levels of variability in dose-sensitivity among different experiments is very great (e.g. 'the oral LD50 value of imidacloprid may vary widely -factor 20 -in the honey bee') (Decourtye & Devillers 2010) , probably because of differences in the bees used (e.g. genetic strain, health status, etc.). Specifically, the existence of uncontrolled variation in dose-sensitivity among studies (as, for example, indicated by the different positions of red and yellow symbols in Second, Rondeau et al. did not publish the data underlying points labelled as 'many researcher averages', so the uncertainty associated with these points cannot be statistically evaluated.
Therefore, we focus on the analysis of the data from the third study, namely that presented in the Defra report on systemic insecticides (DEFRA 2007) , which we refer to below as the 'Defra dataset'. 
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We therefore re-analysed the Defra dataset to verify this result.
The Defra dataset describes mortality (percentage fatality among ten bees in an experimental cage) during a 10-day dietary exposure (Fig. S8.5 ). Only two dose treatments attained 50% mortality of the caged bees during the 10-day exposure period and it requires extrapolation beyond the range of the available data to estimate the 'time to 50% fatality', or LT50, of other doses (Fig. S8.6 ). We believe that LT50 could be reliably estimated in only the two highest doses and perhaps also the third The log(t)-vs.-log(C) relationship can be evaluated for any endpoint; it is not restricted to the LT50. Therefore, we evaluated the relationship for LT25, or 'time to 25% fatality', which is the duration of exposure required to cause 25% mortality at a given dose ( Fig.   S8.7) . Based on the dose-dependent mortality, we estimate LT25 for each of the four doses according to increasing dose as: 500 g L -1 (light blue), 12.51; 1000 g L -1 (yellow), 6.85; 2000 g L -1 (purple), 3.55; 4000 g L -1 (dark blue) 2.07 days (Fig. S8.7) . Fig. S8.8. Dose-dependence of syrup consumption (L bee -1 d -1 ) in the Defra dataset.
Corresponding with the preceding mortality curves, the coloured asterisks identify relevant doses as: 4000 g L -1 (dark blue); 2000 g L -1 (purple); 1000 g L -1 (yellow); 500 g L -1 (light blue). * * * * 33 As a proxy for C in the log(t)-vs.-log(C) relationship, Rondeau et al. used the estimated daily per capita consumption of imidacloprid, which we obtained from the data on dosedependent syrup consumption given in the Defra dataset.
Using the daily consumption rates at each dose ( Fig. S8.8) , we estimated the per capita daily consumption of imidacloprid in ng day -1 (Table S8 .1). Using the data on dose (per capita daily intake, Table S8 .1) and exposure duration (LT25, Fig. S8.7) , we evaluated the slope of the log(C)-vs.-log(t) relationship, which is b = -1.1 ( Fig. S8.1) , which is consistent with the absence of TRT (see main text).
Section S9: Comparison of dose-dependent mortality in the present and previous studies.
Our results () exhibit higher levels of mortality at any given dose than observed in previous studies (Fig. S9.1) , probably because the mixed-age cohorts that we studied contain older, frail individuals which are absent among the newly emerged bees normally used elsewhere. In the only other case where mixed-age cohorts were sampled directly from a colony (), the results match ours more closely. References in Section S1.
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Section S10: Thermogenic activity by honey bees under laboratory conditions
For a non-thermogenic insect, the relatively low temperature of our laboratory environment compared to in-hive conditions (i.e. c. 25 C vs. 33 C, respectively) would be a cause of concern because the impact of toxicants can be strongly temperaturedependent even across a fairly small range. Honey bees, however, are capable of nonflight thermogenesis (NFT) and we find that they maintain their body temperatures above 30 C in our standard laboratory cages for at least 24 h ( Fig. S10.1) . Consequently, it appears likely that metabolic processes of the bees in our laboratory experiments are functioning at approximately normal temperature and rates. Honey bee workers are likely often to engage in non-flight thermogenesis to incubate brood under normal in-hive conditions, so NFT-related activity in laboratory bees is not obviously anomalous. If the dietary toxicants that we studied detrimentally reduced NFT, then falling to an ambient temperature below 31-33 C (normal in-hive conditions) would be a realistic inhive outcome whose occurrence is also supported by our laboratory set-up.
Section S11: Feeding (daily syrup consumption) of honey bees during exposure to dietary pesticides Figure Figure S12.1. Whole-body residue analysis over time of honeybees exposed to fipronil at exact sampling points. Body residues (y-axis: mean ng bee -1 ) were measured at intervals over a six day period (x-axis: days since dose) after a single acute dietary exposure to fipronil in syrup at 145 µg L -1 . Day = 0 indicates samples collected immediately after dosing and Day = -1 indicates the estimated initial ingestion of fipronil. Error bars denote ± 1 SE. Concentrations in undosed bees were less than 0.02 ng bee -1 fipronil and 0.11 ng bee -1 fipronil sulfone. Note: some small error bars are obscured by data points. Mean residues are connected for ease of inspection only.
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Section S13: Selected-ion monitoring (SIM) parameters used for GC-MS analysis. 
